Whether reward omission on the sample runs of a delayed alternation task would reduce proactive interference was tested in two experiments. On the first run of a trial, the animal entered one arm of a maze to obtain a food reward; on the second run the reward was available in the opposite arm. Alternation declined across a block of massed trials, but there was less of a decrease when the reward was omitted in the final trial or when another maze was substituted.
Proactive interference (Pi) refers to a decline in recall across a series of trials that involve the same or similar to-be-remembered stimuli. Release from Pi occurs when the target stimulus, or the subject's processing of the target, is altered and recall accuracy is reinstated. Pi in animals is usually attributed to stimulus confusion in memory (e.g., Cohen, Sturdy & Hicks, 1996; D'Amato, 1973; Hoffman & Maki, 1986) . Given a limited set of stimuli that vary as correct and incorrect alternatives from trial to trial, the memory of the current trial's stimulus overlaps with traces from previous trials. Stimulus confusion should be reduced if the to-be-remembered stimulus is altered to distinguish it from memory of other occurrences of the stimulus (e.g., Béracochéa & Jafford, 1987; Cohen, Reid & Chew, 1994) The purpose of the present experiments was to test whether reward change or omission would reduce Pi in a spatial task. Previous studies of reward variation have produced inconsistent results. Performance under massed trial conditions was better when different rewards were presented in various maze arms, such as food pellets versus seeds, rather than using a single reward in all arms (Dallal & Meck, 1990) . However, Pi was not affected when different numbers of pellets were given in the maze arms (Cohen et al., 1994) . in the present research a more dramatic manipulation, omitting the reward, was employed to try to overcome Pi. The absence of an expected reward could be expected to distinguish the memory of that maze arm visit Correspondence should be addressed to W. Scott Terry, Department of Psychology, The University of North Carolina at Charlotte, Charlotte, North Carolina 28223. E-mail: wsterry@uncc.edu The Psychological Record, 2008, 58, 61-70 from the memory of previously rewarded visits to that location. Other research has shown that reward omission can produce retroactive interference with memory for a previously visited maze location (Terry, 1996) , suggesting that omission can affect memory processing.
in the standard task to study Pi in human beings, participants undergo blocks of trials in which stimuli from a common category are used (Wickens, Born, & Allen, 1963) . Few animal studies have assessed the buildup and release of Pi across trial blocks (but see Jitsumori, Wright, & Shyan, 1989) . A second purpose of the present experiments was to assess Pi by using procedures analogous to the Wickens, Born, and Allen paradigm.
Experiment 1
Each alternation trial consisted of two runs. On the forced-choice run, one goal arm of a T maze is open and the animal is allowed to enter and obtain food. On the free-choice run, both goal arms are open and the reward is present in the arm opposite that on the forced choice. Alternation is a simpler version of the widely used radial maze task (Cohen, Sturdy, & Hicks, 1996) . Béracochéa and Jafford (1987) showed a decline in alternation across a series of four massed trials and a rebound in accuracy on a fifth trial when the maze was altered with a cardboard insert. However, there were no controls to assure that the decline was due specifically to maze repetition rather than to incidental aspects of the procedure such as handling or satiation. Similar controls were absent from Dallal and Meck's (1990) study of Pi, which compared different types of rewards.
in the present experiment, animals were trained in three T mazes. During test sessions, the experimental conditions consisted of blocks of four massed alternation trials. in the Pi condition, the same maze was used on four trials presented in immediate succession, although the correct choices varied across trials. The expectation was that accuracy would decline over the four trials due to Pi. To demonstrate release from Pi, a maze-change condition was used. The first three trials were in one maze, and the fourth trial was in one of the other, familiar mazes. in the omission condition, the same maze was used on all four trials but reward was omitted on the forced-choice run of the final trial. in a control condition, included to assess nonspecific sources of interference, different mazes were presented in the first three trials.
Method
Subjects. The subjects were 10 experimentally naïve male Sprague-Dawley rats (Harlan Breeders, indianapolis, iN), 80-90 days old at the start of training. They were individually housed in standard laboratory cages in a colony kept on a 12:12-hour light:dark cycle.
Apparatus. Three different plywood mazes, referred to as A, B, and C, were used. The three mazes differed in interior dimensions (width × height), color (black, gray), flooring (grid bars, screen, wood), and overall size (stems ranging from 30 to 50 cm and arms from 60 to 100 cm in length; exact details are given in Terry, 1996) . Each maze had a guillotine door in the starting stem, defining a start box 15 cm in length. Each goal box had an opaque Petri dish for placement of food rewards. The mazes were arranged in a semicircle on tables in a small room. The experimenter stood at the base of the circle. The 3 to 4 animals of a running squad were kept in individual stainless-steel housing cages on a cart behind the experimenter.
Training. The animals were placed on a 22-hour/day food deprivation schedule three days prior to training. The rats were given 20-min periods of exploration in the mazes on these days. Noyes pellets were available in the goal boxes.
The rats then underwent five sessions of alternation training, beginning with one trial daily in each maze and progressing to three trials daily (or nine total alternation trials per session). Before each trial both goal boxes of a particular maze were baited. On the forced-choice run, one goal arm was blocked at the choice point, allowing the rat to enter the other arm to receive food. The animal was replaced in the start box, a 5 s delay was counted, and the start box door was raised to begin the free-choice run. Both goal arms were open, and the reward was available in the arm opposite that entered on the forced run. An entry was recorded when all four paws of the rat crossed into the choice alley (which would occur before contact with the food dish.) An error was scored if the animal reentered the free-choice alley. During the training phase, when an error occurred, the animal was replaced in the start box and free-choice runs were repeated until alternation occurred. The sequence of trials equated left and right turns as correct.
Testing. During the test phase, the basic experimental unit was a block of four trials. Each session contained four blocks of trials, one from each experimental condition: Pi, control, maze change, and omission.
in the Pi condition, four alternation trials were given in immediate succession in the same maze. if this happened to be maze A the sequence would be AAAA. The intertrial interval was only the time needed to reset the maze, less than 30 s. in the control condition the first three trials were given in different mazes and the fourth trial repeated the first maze (e.g., ABCA). in the maze-change condition, after three trials in one maze the fourth trial occurred in a different maze (e.g., AAAB). in the omission condition, all four trials were in the same maze. Food pellets were presented on the forcedchoice run of three trials, but the food dish was empty on the fourth trial (e.g., AAAA -).
There were 10 test sessions. Animals were tested with a given experimental condition in rotation across the 3 or 4 rats in a squad, thus spacing each block of trials several minutes apart. Animals were returned to the holding cages between trials. Each session began with one warm-up trial in each maze, followed by each of the four experimental conditions presented in a balanced order over days. The A, B, and C mazes were used three or four times in each experimental condition. Left and right were equally often the correct (rewarded) turns on free-choice runs.
Reward throughout the experiment consisted of five 45-mg Noyes food pellets. On omission trials, the food dish in the goal box was empty.
Results and Discussion
The dependent variable is the mean percentage of correct alternations. Arc sine transformed percentages were used in the statistical analyses due to the possibility of score compression as means approach the scale limits of 0% and 100%. Analyses with the use of untransformed scores produced similar statistically significant effects. The figures present untransformed means. Significance is defined throughout this article as p < .05.
During training, the animals showed, from the first day, a high level of alternation (M = 81%) that remained steady over the next sessions (80%-85%).
The mean percentage of correct alternations during test blocks of trials are shown in Figure 1 . in the three experimental conditions, alternation decreased across trials 1-3, when all subjects were being treated alike. A 3 (trials 1-3) × 3 (conditions, excluding the control) within-subjects analysis of variance (ANOVA) showed a decrease in alternation across trials, F(2, 18) = 11.19, but no significant difference among the Pi, omission, and maze change conditions and no interaction of the two factors, F s = <1. An ANOVA of the fourth trial data showed a significant difference among the four conditions, F(3, 27) = 20.47. Paired comparisons showed more alternation on omission trials, mean (M) = 83.3% (standard error [SE] = 3.3), than on Pi trials, M = 62.0% (SE = 7.1), t(9) = 2.95; and more alternation on changed maze trials, M = 93.3 (SE = 3.3), than on Pi trials, t(9) = 5.16. in addition, changed maze and omission trials differed, t(9) = 3.70. Finally, the increase in alternation in the maze change condition between trials 3 and 4 was significant, t(9) = 3.21.
The decrease in accuracy within blocks of same-maze trials, but not on the different maze trials, is consistent with a Pi interpretation. The reinstatement of high levels of alternation when another maze was substituted in the fourth position is consistent with release from Pi. Reward omission on the fourth trial did not actually increase alternation above the level of the previous trial but rather simply prevented a further decline. The next experiment used an alternative procedure to assess release from Pi. Experiment 2 in the Wickens, Born, and Allen (1963) task, the to-be-remembered items are typically word triplets. Similarly, in radial maze studies of Pi the animals have multiple locations to remember (e.g., Roberts & Dale, 1981) . The next experiment used a serial alternation procedure to increase the number of tobe-remembered spatial locations.
in a serial alternation trial, rats are given forced-choice runs to the left or right goal boxes in each of three T mazes, followed by free-choice runs in each maze (Roberts & Smythe, 1979; Terry, 1996) . The rat must remember which direction to alternate in each maze. The memory set could be described as a maze triplet, analogous to the word triplets used in human short-term memory studies.
The present study addressed some alternative explanations for an omission-facilitation effect. Possibly omission is an especially memorable event capable of increasing retention in the absence of Pi. Research on the von Restorff effect in rats has shown that novel stimuli, such as a tone presentation, could aid retention of maze locations in the absence of Pi (Reed & Richards, 1996) . Does omission increase retention because it is simply a memorable event or because it helps differentiate traces in memory? The present strategy was to test omission near the start of a block of trials before Pi has had the opportunity to build up.
it is also possible that omission might increase avoidance of the justnonrewarded maze arm. A strategy employed here was to compare the omission of a given reinforcer with a condition in which the presentation of that same reinforcer was the novel event used to induce release of Pi. The unexpected presentation of an otherwise effective reward should not be aversive, but it should differentiate the memory of that maze visit from the potentially interfering memories of other visits. in the present study, different groups of animals were trained with either cereal or food pellets as the reinforcer. On test trials the cereal was omitted for one group, or cereal was substituted for the food pellets for the other group.
Method
Subjects. The subjects were 23 rats, obtained and maintained as in experiment 1. One group of animals (n = 12) was trained with the use of three 45-mg Noyes pellets as the reinforcer in the maze goal boxes. The second group (n = 11) received pieces of Fruit Loops cereal in the mazes. individual cereal loops were broken in half, and each reward consisted of three half pieces. All rats were familiarized with both types of reinforcer in their home cages prior to the experiment.
Training. The rats received 5 days of serial alternation training. On serial trials a forced-choice run was given in each of the three mazes, followed by a free-choice run in each maze. For example, the sequence might be a forced-choice run in mazes B, A, and then C, followed by a free-choice test for alternation in B, A, and C. (The sequence of mazes during the free choice was always the same as during forced-choice runs.) The A, B, and C mazes occurred approximately equally often as first, second, and third. Left and right as correct choices varied from maze to maze within trials and were equated across testing. The three serial alternation trials daily were spaced about 5 min apart during the training sessions.
Testing. Each test session consisted of a warm-up trial, followed by four serial alternation trials. One trial in each pair of trials 1-2 and 3-4 was a control trial, with the usual cereal or food reward on the forced run. On the other trial in each pair, cereal was omitted in the first maze for the cerealtrained group or cereal was substituted in the first maze for the food pellet group. The usual reward occurred on the second and third mazes on the forced-choice run. The specific maze (e.g., A, B, or C) in which omission or substitution occurred varied over trials and was balanced over subjects within days. Four test sessions were given.
Test trials were massed for a given subject, separated only by the time necessary to reset the mazes.
Results and Discussion
Over the last seven acquisition trials, the food pellet rewarded animals averaged 70% correct alternation and the cereal rewarded animals averaged 76%, F < 1.
The test results are shown in Figure 2 , which plots mean percentage correct alternation across serial positions in two-trial blocks for the foodrewarded and cereal-rewarded groups. The left panel shows the withinsubject comparison of presence or omission of cereal for the cereal rewarded animals, and the right panel compares food pellets and cereal substitution for the food rewarded animals. The results are first described for the first serial position within each trial. This is where the differential treatments occurred. Also choices in the second and third positions could be contaminated by prior choices or errors. There are three findings of interest. First, on control trials with the usual reward, alternation decreased from trials 1-2 to trials 3-4, which is consistent with a buildup of Pi interpretation. Second, neither cereal omission nor cereal substitution increased alternation early in the session. Performance with the usual reward and with the altered reward outcome was equivalent on trials 1-2. Third, cereal omission and cereal substitution reinstated correct choices on the first serial positions of trials 3-4 as compared with the control trials.
The above statements are supported by a 2 × 2 × 2 mixed factorial ANOVA of the first serial positions, which included one between-groups factor (cereal/food reward), and the two within-subjects factors of trial blocks and experimental condition (control/altered reward trial). The data were arcsine transformed. There was a significant trials × condition interaction, F(1, 24) = 4.90. The subgroup of reward type did not interact with the above. in the first serial position of trials 1-2, the control and experimental conditions did not differ (Ms = 81% and 83%, respectively), t(24) = .32. However, control and rewardaltered conditions did differ on trials 3-4, Ms = 64.4% and 84%, t = 3.74.
An analysis that included all three serial positions does not add to the above description. Surprisingly, there were no significant interactions as a function of serial position, even though the results in Figure 2 suggest a few variations (e.g., trial 3-4 of the cereal rewarded and trials 1-2 of the food rewarded animals). There was a significant reward group × treatment interaction, F(1, 23) = 9.76, and a groups × trial blocks interaction, F(1, 23) = 4.98. As can be seen in the left panel of Figure 2 , the facilitating effect of cereal omission was confined to the first maze of a trial, the maze that was not rewarded. Cereal substitution, shown in the right panel, increased alternation on the two food-rewarded mazes that followed in those trials.
in summary, these results show that either the omission or the addition of a cereal reward counteracted the decrease in within-session alternation. The fact that reward change did not affect performance early in the session argues against the special memorial significance of the changes and instead suggests that the altered rewards are particularly beneficial when retention would otherwise be poor.
General Discussion
The buildup and release from Pi in human memory is typically studied by using the trial blocks procedure of Wickens, Born, and Allen (1963) . The present experiments used an analogous manipulation to demonstrate a decrease in recall across blocks of simple or serial alternation trials. in addition, the present studies show that several manipulations could prevent further decline or even reinstate higher levels of performance: switching mazes, omitting reward, or substituting a different reward.
A massed trial decrement is sometimes attributed to Pi in the absence of controls for other aspects of the experimental procedure (Béracochéa & Jafford, 1987) . The present first experiment contained control conditions in which animals were exposed to the same or to different mazes across trials. On a given trial, either of the mazes could be presented repeatedly to build up Pi or be presented as a novel maze to promote release from Pi.
Pi in animal short-term memory is commonly explained as stimulus confusion at the time of memory testing (e.g., D' Amato, 1973; Roberts & Dale, 1981) . Conflicting memories can come from the overlap between current and preceding trial stimuli, responses, and reinforcing outcomes (e.g., Jitsumori, Wright & Shyan, 1989; White, Parkinson, Brown & Wixted, 2004) . Manipulations that facilitate the discrimination of the current trial's targets from previous trials' events should minimize Pi. in the present case, altering the reward presented with a to-be-remembered stimulus blocked a further decline in alternation (experiment 1) or reinstated alternation to previous levels (experiment 2). Even though the same target stimuli (i.e., maze locations) recurred over trials, interference could be reduced by the presence or absence of stimuli that accompanied the target. The present findings are consistent with previous studies that showed that varying the type of reward (Dallal & Meck, 1990) or changing stimuli within the maze (Cohen, Reid, & Chew, 1994) reduce Pi in the radial maze.
The observation that nonreward leads to subsequent avoidance of the nonrewarded arm location is, at first glance, not a surprising outcome. However, previous research has shown that omission-associated maze visits do not necessarily produce more avoidance. For instance, omission did not affect immediate alternation in a series of T-maze studies (Terry & McSwain, 1984) . Timberlake and White (1990) found that simply entering a maze arm seems to be a greater determinant of arm alternation than does the presence or absence of reward in the arm (Timberlake & White, 1990) . in the present experiment 2, omission did not increase alternation on the early trials of the session, arguing against the hypotheses that omission was simply more memorable than reward, or more aversive. Also, reward substitution (experiment 2) and changing to another familiar maze (experiment 1) reinstated alternation, neither of which should be an aversive event. These experiments do not identify a specific source of Pi. in delayed matching to sample, another commonly used animal memory task, correct choice is impaired when a different stimulus was the correct choice on the previous trial (D 'Amato, 1973; Hogan, Edwards, & Zentall, 1981; White, Parkinson, Brown, and Wixted, 2004) . The present data sets were analyzed for choice on a given trial n as a function of same/different transitions from trial n-1. Although numerically there appeared to be some interference between different choice transitions, as compared with same-choice transitions, no effects approached statistical reliability. The alternation task differs from delayed matching in that both arms are entered on each trial, thus ensuring equivalent recent experience with both stimuli on the next trial. Other sources of potential interference may be within-trial interference and nonspecific sources of Pi (Cohen, Sturdy, & Hicks, 1996; Hoffman & Maki, 1986 ).
An important issue concerning release from Pi is at which stage of processing the release event has its primary effect. Does omission enhance encoding on the forced-choice run, retention during the delay interval, or retrieval on the test run? The theoretical focus of the present research was on encoding. Omission has been suggested to increase rehearsal of the target location (Terry, 1996) . in the present studies memory was tested immediately after forced-choice presentation, thus making minimal demands on memory retention or retrieval. The theoretical difficulty posed by an encoding-only hypothesis is the confounding of encoding enhancement with increased retrieval accessibility: A manipulation that provides distinctive encoding should also increase memory accessibility at retrieval. A similar confounding has been noted in interpreting "distinctiveness" effects in human memory (Hunt & Lamb, 2001; McDaniel, Dornburg, & Guynn, 2005) : Are bizarre, unusual, or distinctive stimuli better encoded or more readily retrieved? There are current theories of animal short-term memory that specify independent effects of variables on encoding, retention, or retrieval (White, 2001) . For example, stimulus salience is said to enhance encoding, whereas retroactive interference is said to produce a retrieval deficit.
Although the study of reinforcement has been a central topic in learning theory, in some animal tasks reward is an incidental aspect of the procedure used to motivate performance. However, the reinforcers themselves may interact with the primary variables of a given study, such as spatial location or orienting strategy, to affect performance. in one study, the nonrewarded errors in one maze interfered with retention of another maze (Terry, 1989) . The present results suggest that a nonrewarded response may be better remembered in some conditions. Given that errors are usually nonrewarded, this confounding of errors and nonreward might introduce an unknown variable between conditions in which error rates differ.
